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Abstract:  
The purpose of this research is to reveal the relationship between women’s education, 
women's labor force participation and national income in G20 countries. The 
relationships between women's education, women's labor force participation and 
national income were analyzed by the panel data analysis method for the G20 countries 
for the period 1997-2018. Stability of series were tested by "Fisher ADF" and "Fisher PP" 
panel root tests and the series were determined to be I (1). Pedroni (2004) was used to 
test the existence of cointegration relationships between the series. The series were 
found to be cointegrated. The long- and short-term relationships of the series were 
analyzed by the Panel DOLS method and it is determined that the increase of female 
schooling level increase the female labor force participation rate, increase of female 
schooling level and female labor force participation rate increase the per capita (real) 
national income. A two-way causality relationship was found between the ratio of 
women in higher education and national income per person. In addition, two-way 
causality relations between women's labor force participation rates and schooling rates 
at all levels of women were determined. In the study, it is concluded that in G20 
countries, women's schooling rate increases the women's participation in the labor 
market and increases of women's schooling rate and female employment increase the 
national income per capita in countries. 
 
Keywords: national income per capita, schooling rates of women, labor force 
participation rate of women, panel data analysis 
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1. Introduction 
 
Education is considered as a significant value in the development of countries, and the 
raise of employment and national income. What values are affected by education in a 
society or what are lost due to lack of education have been research subjects especially 
for the last fifty years. From the 1960s on, people working in the field of economics, 
such as Mincer (1958), Schultz (1960, 1961), Becker (1975), have been performing studies 
related to benefits of education.  
 Especially in economically based studies, it is seen that education is seen as an 
investment tool and evaluations are made within this framework. When evaluated from 
this perspective, the individual is expected to invest in education and receive the return 
of this investment to a certain level. One is educated until the marginal increase in one's 
productivity is equal to the marginal cost of education (Psacharopoulos and Patronas, 
2004, 2-3). With this approach, education is considered as an investment and national or 
individual evaluations are made related to its future benefits. At the individual level, 
the benefits discussed are those such as education's impact on the individual, future 
employment status of the individual and the monthly income to be received in this 
context; while discussing on the macro level, variables such as national growth and 
national income are taken into account. When the studies are evaluated, although it is 
difficult to evaluate the researches on the efficiency of human capital, these researches 
are needed. Sianesi and Reenen (2003) found that a one-year increase in the average 
educational level increase the per capita production level by three to six percent 
according to the increased neo-classical determinations and cause a faster growth rate 
than one percent according to the estimates of the new growth rate; they also found that 
the effect of the increase in different education levels depends on the development level 
of a country and that higher education is the most important educational level for 
growth in OECD countries. As it can be seen, the benefits of education differ depending 
on many different variables. In addition to direct benefits of education, its indirect 
benefits to individuals and society are undoubtedly very important too. 
 The direct or indirect benefits of educating all individuals in a society cannot be 
denied. Since the relationship between education and income is considered to 
contribute to national and individual income, individual and social benefits of 
education are emphasized (Çalışkan, 2007). Macro evaluations should also be taken into 
account when evaluating the subject of education, as education does not only provide 
benefit to the individual, but also the society. In particular, the benefits of the education 
to be provided to the disturbed clusters may be revealed in a more striking way. Many 
variables (race, gender, socioeconomic status, etc.) can be specified related to clusters 
that are limited (disadvantaged) in different terms. Especially for gender variables, it 
can be mentioned that there is a limitation (disadvantage) for women in almost all 
countries in the world. The rates of women receiving education at a lower level than 
men are noteworthy all over the world. Therefore, researches on women's education, 
women's participation in the work force and the development of countries are 
important.  
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 Studies on women's education often refer to many variables such as the level of 
education, employment, and the status of women's education compared to men. In a 
study by Peet et al. (2015), it was examined whether the benefits of education in 
developing countries were on higher levels. As a result of the research that evaluated 
household data of the twenty-five developing countries for the years 1985-2012, no 
excessive rate of benefits was detected in developing countries and the average benefit 
on schooling was estimated as 7.6% in the countries selected for the study. One reason 
for the lack of excessive rate of benefits in developed countries is that these countries 
already reached certain levels of education. However, it was concluded that education's 
benefits were more for women than men, and also more for African and Latin American 
regions than Asia and Eastern Europe. This situation shows that while a certain 
satisfaction was achieved in the educational benefits of developed countries, the 
requirements for women's education continue. Asplund's (2000) study on the returns of 
education in Finland showed that education benefits did not make a difference for men 
between 1984 and 1995, but the benefit rate of education for women, which was on low 
levels in the 1980s, reached the same level with men's in the 1990s. According to the 
multivariate regression analysis results of Halmon et al. (2013) in their research based 
on the United Kingdom micro data, it was found that the annual schooling rate in 
England is between 7% and 9% and for women this rate is between 9% and 11%. . This 
means that the benefit rate of women's education is higher than the benefit rate of men's 
education. Ammermüller and Weber (2005) also conducted a study that supports these 
findings. In the study, it was concluded that the educational benefits of 1985-2002 were 
between 8-10% for the West and 7-8% for the East. In the same study, it was determined 
that the educational benefits of women in West Germany were higher than that of men, 
and the educational benefits of women in East Germany were less than women in West 
Germany. In addition, the benefit rates in terms of both region and gender were 
discussed and it was determined that the benefit rates of women's education differ, 
even within the same country.  
 In his research, Tansel (2010) examined the change in the benefit rates of 
schooling within ten years and found a decrease in educational benefits between 1994 
and 2005. In the research, it was found that the educational benefits of women were 
higher than men's, and a significant decrease was observed in the year 2001, when an 
economic depression (crisis) happened. It can be said that especially the economic crisis 
periods directly affect women's education and women's employment. During an 
economic crisis, women can be considered by their employers as employees who can be 
separated first from the work force.  
 Women's education cannot be evaluated solely by comparison with men. Many 
variables can be considered in the evaluation of women's education, such as the level of 
education provided to women, interregional differences, and the labor lost to marriage. 
It is expected that the benefits of primary education and the benefit of higher education 
will not be at the same level in the evaluation of the benefits of different educational 
levels. This situation is related to the development of the country. For example, for a 
country where the schooling rate is limited at a primary level, the benefit rate of higher 
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education will be quite high. Because higher education graduates are expected to have 
higher benefit rates in terms of employment. In general, however, it is stated that the 
return of the labor market to education is the highest for elementary education, which is 
the primary level of education, and lower for the subsequent levels. Pasacharopoulos 
(1994) found that the effect of primary education is higher in underdeveloped countries 
than in developed countries. Therefore, the evaluation made between the education 
levels is also related to the development level of that society. There are also researches 
that do not support the view that the return of labor market to education is the highest 
for primary education, and lower for the subsequent levels. In the research of Colclough 
et al (2010), it was stated that this model has changed, that the benefit of primary 
education is not as much as it was in the past, and that the reason for this decline is the 
weakening of qualified primary education due to the intense decrease in public 
expenditures. It is possible to explain the higher effect of primary education in 
underdeveloped countries than in developed countries (Pasacharopoulos, 1994), with 
the participation to work force in underdeveloped countries. While primary education 
is not an adequate level of education for work force participation in developed 
countries, it can be a reason of preference for employment in underdeveloped countries.  
 Work force participation is an important variable in evaluating the direct benefit 
rates of education. In terms of women, there are many factors affecting work force 
participation. Many reasons such as marital status, age and fertility are effective in 
women's lives and participation in labor force, especially in advanced ages. In Barro's 
(2001) study, it was found that growth was insignificantly correlated with women's 
access to middle and higher levels of school. One reason for this is that highly educated 
women in many countries cannot be employed in the labor market sufficiently. In 
addition, women's participation in primary education promotes economic growth 
indirectly by providing a lower fertility rate, as fertility affects the benefit rate (Barro, 
2001). Another research that supports this view is the study of gender-specific changes 
in total financial benefit by Kim and Sakamato (2017). In the study, the data from the 
American Community Survey for employees between the ages of 35 and 4 for the years 
of 1990-2000 and 2009-2011 were evaluated. The results of the study show that women 
have made significant progress in education and labor market results over the years. 
Moreover, within the scope of the research, it has been observed that there is a decrease 
in the benefit rate of education of women due to marriage, while there is a significant 
increase in the benefit rate of education of men. The decrease in the benefit rate of 
women's education due to marriage may be considered as the tendency of women to 
leave the workforce.  
 In some countries, another possible cause of the low benefit rate of women's 
education is the discrimination in the labor market. Sometimes, it is assumed that the 
wage discrimination toward women indirectly reduces their educational rate through 
the reduction of their earnings, and that the practice of equal wage between men and 
women will help to eliminate the difference between the benefit rates Educated women 
are more opposed to wage discrimination than women who receive less education; 
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because higher education provides access to many workplaces where equal wages are 
applied, thus the impact of wage discrimination decreases (Woodhall, 1973).  
 In spite of all the variables related to women's education and employment, it is 
expected for women's education to increase women's employment in the general 
framework. Tansel (2001) investigated long-term relationship with the work force 
participation of women in Turkey, economic development level of women, and 
especially the relationship with the U-shaped hypothesis of the participation of women 
in the workforce. Accordingly, it was not determined that women's education rate has a 
strong and positive impact on women's work force participation. Besides, regional 
differences were found in women's labor participation; moreover, it was determined 
that unemployment has a discouraging effect on women's labor participation, while 
education has a considerably positive effect.  
 Women's education has not reached the desired level in developed countries 
either. Not only education, but also employment is not at the same level. Women's 
employment areas were limited to certain occupational groups (Tansel, 2001), and 
women were not able to participate in the production process adequately. Klasen 
(2002), in his study analyzed gender inequality’s effects on economic growth among 
countries, revealed that gender inequality has important impact on economic growth. In 
addition, growth is affected indirectly due to the effect of gender inequality on 
investments and population growth. Today, revealing the effects of the fact that 
women's education and employment rates in developed countries cannot reached the 
desired level either, and the analyses of this situation towards developed countries, can 
draw a route for developing and underdeveloped countries. Therefore, within the scope 
of this study, it was aimed to show the relation of women's education in countries 
under the title of G20 (Group of Twenty) with women's participation to work force and 
national income, in order to evaluate different countries. 
 
2. Material and Methods 
 
This section contains information about model and data set of the research.  
 
2.1. Research Model  
The standard method for predicting the effect of education on economic growth is to 
estimate the annual average growth in per capita national income (gross domestic 
product, GDP), schooling measurements and the growth and regressions specified as a 
set of important variables for several decades in transnational terms (Hanushek and 
Wößmann, 2010). ). From this point of view, G20 countries have been chosen in this 
research to better demonstrate the affects of different country characteristics and 
dynamics of women's education on growth. In this research, it was aimed to show the 
relation of women's education in G20 countries with women's work force participation 
and national income. In this context, two different econometric models were formed 
within the study: 
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Model 1: 
𝐿𝑛𝐿𝐵𝑃𝑅𝐹𝑖𝑡 = 𝛽0𝑖 + 𝛽1𝑖𝐿𝑛𝑆𝐸𝑃𝐹𝑖𝑡 + 𝛽2𝑖𝐿𝑛𝑆𝐸𝑆𝐹𝑖𝑡 + 𝛽3𝑖𝐿𝑛𝑆𝐸𝑇𝐹𝑖𝑡 + 𝛽4𝑖𝐷2008 + 𝑒𝑖𝑡 (1) 
 
Model 2: 
𝐿𝑛𝐺𝐷𝑃𝑃𝐶𝑖𝑡 = 𝛼0𝑖 + 𝛼1𝑖𝐿𝑛𝑆𝐸𝑃𝐹𝑖𝑡 + 𝛼2𝑖𝐿𝑛𝑆𝐸𝑆𝐹𝑖𝑡 + 𝛼3𝑖𝐿𝑛𝑆𝐸𝑇𝐹𝑖𝑡 + 𝛼4𝑖𝐿𝑛𝐿𝐹𝑃𝑅𝐹𝑖𝑡 +
𝛼5𝑖𝐷2008 + 𝜀𝑖𝑡 (2) 
 
In the models, the following indicate: 
𝐿𝐹𝑃𝑅𝐹: Women's labor force participation rate (Female (% of female population ages 
15+) (modeled ILO estimate),  
𝑆𝐸𝑃𝐹: Women's elementary (primary) schooling rate (School enrollment, primary, 
female (gross %), 
𝑆𝐸𝑆𝐹: Women's middle and high (secondary) schooling rate (School enrollment, 
scondary, female (gross %), 
𝑆𝐸𝑇𝐹: Women's university (tertiary; associate and undergraduate programs) schooling 
rate (School enrollment, tertiary, female (gross %), 
𝐺𝐷𝑃𝑃𝐶: Real national income per capita (Gross Domestic Product Per Capita), 
𝑖: The cross-sectional dimension of the study (countries, 𝑖 = 1, 2, … , 17)  
𝑡: Time dimension of the study (𝑡 = 1, 2, … , 22).  
𝛽1𝑖 > 0, 𝛽2𝑖 > 0, 𝛽3𝑖 > 0 is expected as a result of the analyses related to Model 1 which 
examines the effects of women's education on women's work force participation rate. 
𝛼1𝑖 > 0, 𝛼2𝑖 > 0, 𝛼3𝑖 > 0, 𝛼4𝑖 > 0 is expected as a result of analyses related to Model 2 
which examines the effects of women's education and work force participation rate on 
national income. 
 
2.2. Data Set 
In this study, in order to reveal the relationship of women's education with women's 
work force participation level and national income; data related to the real national 
income, the schooling rate of women and the work force participation rates of women 
in the G20 countries for the period of 1997-2018 were used. G20 members include 
Turkey, Russia, Saudi Arabia, Mexico, Canada, Japan, Italy, England, India, South 
Korea, South Africa, France, Indonesia, China, Brazil, Australia, Argentina, Germany, 
the United States, and The European Union. Since the European Union is not a single 
country and some countries in it (Germany, England, Italy and France) will already be 
included in the analysis, all members of G20 with the exception of the European Union 
have been analyzed. Women’s work force participation rate, the primary school 
attendance rate of women, the secondary school attendance rate of women, the 
university attendance rate of women, and the real per capita national income data of 
these countries were included in the analysis. The data were taken from the tables of the 
World Bank and Penn World (international database covering world countries, 
containing information on relative income, output, input and productivity levels). 
Logarithmic transformation was applied to all data that were used in analyses. In 
addition, the 2008 global economic crisis, which took place during the analysis period 
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and significantly affected the world economy, was also taken into account as a dummy 
variable in analyses. A dummy variable is created to include concepts such as gender, 
race, religion, region (east-west; above-below the equator) in analyses. The dummy 
variable, which is generally used to take into account the economic crises and the 
structural changes in economies, was taken into evaluation for the years of 2008 and 
2009, when the economic crisis was effective in all world countries, since the research 
includes the time series of 1997-2018. Information on descriptive statistics for the data 
set is given in Appendix 1. The correlation matrix between the variables is presented in 
Appendix 2.  
 Determining the stationarity levels of the series at the beginning of the 
econometric analyses and accordingly deciding on the analysis methods to be used in 
the later stages would be appropriate. Otherwise, results can be devaint (Arltová and 
Fedorova, 2016: 48-52). In this study, Fisher ADF and Fisher PP panel unit root tests 
used to test stationarity of series. Pedroni (2004) method was used to existence of 
cointegration relations between the series. The long-short term relations of the series 
have been analyzed with DOLS (Dynamic Ordinary Least Squares) method. Causality 
relationships between variables were investigated with panel causality test (Dumitrescu 
and Hurlin, 2012). 
A. Panel Unit Root Test 
In this research, series’ stationarity was examined with Fisher ADF (Maddala and Wu, 
1999) and Fisher PP (Choi, 2001) panel unit root tests. The test, known as the Fisher 
ADF test, is based on Fisher's study (1932) and is calculated using the ρ probability 
value of the ADF unit root statistics applied for each section (Şak, 2018). In the Fisher PP 
(Choi, 2001) test, the test statistic is calculated by using the ρ probability value of the 
ADF unit root statistics applied for each cross-sectional unit, so it helps removing to 
problem of inflexibility in terms of observation number and length in the application of 
other panel unit root tests (Demirhan, 2019). 
 Unit root tests are executed show that there may be differences between G20s. 
that make up the panel. Since Fisher PP test is stronger in the series with tendency from 
the Fisher ADF test, two methods were used together in the study. The hypotheses of 
these tests: 
𝐻0: The series are not stationary.  
𝐻1: The series are stationary. 
 When the hypothesis 𝐻0 can be rejected, series are stationary. Series are 
stationary at the level value are called l(0) series. Series that are not stationary only turn 
into stationary after the first differences taken are called I(1) series (Gujarati and Porter, 
2012: 744-747).  
B. Panel Cointegration Test 
The existence of cointegration relationship between series in models was tested by 
Pedroni (2004) method. In this test, seven different test statistics are used and the 
cointegration test is performed considering all optional (alternative) situations 
according to the states of homogeneity and heterogeneity of the horizontal sections 
(countries) forming the panel. Hypotheses of cointegration tests;  
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H0: There is no cointegration between the series. 
H1: There is cointegration between series. 
 In this reseach, Pedroni (2004) cointegration test was used. In panel data 
analyses, the method developed by Pedroni (1999, 2004) is used, especially in the 
literature for cointegration analysis. The method based on Engle-Granger's 
cointegration test, tests the residues of the spurious regression in the series that are not 
stationary and become stationary in I(1). If the series are cointegrated, the regression 
residues are expected to be I(0) or be stationary on the level. If the series are not 
cointegrated, the residues are expected to be I(1) or to be stationary in the first 
difference. 
C. Panel DOLS Method 
Panel DOLS is an effective predictor (estimator) because it uses the lagged and 
antecedent values of the independent variables as an explanatory variable in model. 
Panel DOLS is also a robust estimation method for variable variance and 
autocorrelation problems (Melo-Velandia, Leon and Saboya, 2015: 46-47). In addition to 
this superiority of the Panel DOLS method, the secret prerequisite for its use is a high 
number of observations (Mark and Sul, 2003: 656). Since there is sufficient observation 
in this study, both short and long term analyses were carried out with Panel DOLS 
method. 
D. Panel Causality Test 
Panel causality tests are used to specified the existence of  interaction between variables 
used in the analyses and its direction if there is an interaction. In this research, existence 
of causality relations between series were analyzed with panel causality tests 
(Dumitrescu and Hurlin, 2012). This method is stronger than the Granger (1969) test, 
and it can determine the causality relationships that apply not only to the whole panel 
but also to some of the countries that make up the panel. 
 
3. Results and Discussion 
 
As mentioned above, panel unit root tests of Fisher ADF and Fisher PP used for test the 
stationarity of series. Pedroni (2004) method used to the existence of cointegration 
relationships between series. The long and short term relations of the series were 
analyzed with Panel DOLS method and the causality relationships between variables 
were determined with panel causality test (Dumitrescu and Hurlin, 2012). 
 
3.1. Findings Related to Unit Root Tests 
Fisher PP unit and Fisher ADF root tests were initially performed on the data set. The 
results obtained from the tests are given in Table 1. 
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Table 1: Panel Unit Root Test Results 
Note: *, ** and *** indicate that the related series is stable at 1% significance level. Optimum lag length is 
selected according to Akaike Information Criteria. The first difference was not tested for stationarity for 
the series which was stationary at the level value. ∆; shows that the first difference of the related series is 
taken. 
 
As seen in Table 1, not all series are stationary on level values. They turn into stationary 
after their first differences were taken. Therefore, all of the series are I(1). Though 
LnSEPF seris seemed stationary on the level values according to the ADF test, and 
LnSESF series seemed stationary according to the PP test, optional (alternative) test did 
not support these findings. Therefore, the series are not stationary on the level values. 
In this case, according to Granger and Newbold (1974), a spurious regression problem 
can be seen in the analyses to be conducted with series’ level values. According to Engle 
and Granger (1987), the existence of a cointegration relation between the series must 
first be tested in order to avoid this problem. 
  
3.2. Cointegration Test Findings  
In this research, findings of the Pedroni (2004) cointegration test are given in Table 2.  
Table 2: Panel Cointegration Test Results (Model 1) 
 Model 1 Model 2 
   Weighted Statistics  Weighted Statistics 
 Statistics Probability Statistics Probability Statistics Probability Statistics Probability 
Panel ϑ Statistics -0.32 0.62 -1.42 0.92 -1.18 0.88 -1.04 0.85 
Panel ρ Statistics 0.36 0.64 -0.32 0.37 2.21 0.98 1.98 0.97 
Panel PP Statistics -1.29*** 0.09 -2.45* 0.00 -1.33*** 0.09 -2.39* 0.00 
Panel ADF Statistics -1.96** 0.02 -325* 0.00 -0.77 0.21 -2.58* 0.00 
Group ρ Statistics 1.39 0.91 - - 3.55 0.99 - - 
Group PP Statistics -207** 0.01 - - -2.03** 0.02 - - 
Group ADF 
Statistics 
-329* 0.00 - - -3.96* 0.00 - - 
Note: *, ** and *** show the level of cointegration relationship between the variables on the significance 
levels of 1%, 5% and 10%.  
 Fisher ADF Test Fisher PP Test 
 
ADF - Fisher Chi-
Square Statistics 
ADF - Choi Z-
Statistics 
PP - Fisher Chi-
Square Statistics 
PP –  
Z-Statistics 
 
Test 
Statistics 
Probability 
Value 
Test 
Statistics 
Probability 
Value 
Test 
Statistics 
Probability 
Value 
Test 
Statistics 
Probability 
Value 
LnGDPPC 37.67 0.48 -0.36 0.35 22.26 0.98 1.28 0.90 
LnLBPRF 42.34 0.28 -0.77 0.22 43.50 0.24 -0.51 0.30 
LnSEPF 67.27* 0.00 -2.51* 0.00 43.74 0.24 -0.96 0.16 
LnSESF 31.49 0.68 1.43 0.92 138.26* 0.00 -3.63* 0.00 
LnSETF 85.44* 0.00 -0.52 0.29 71.24 * 0.00 -0.48 0.31 
Δ LnGDPPC 174.66* 0.00 -8.77* 0.00 182.42* 0.00 -9.48* 0.00 
Δ LnLBPRF 206.77* 0.00 -9.82* 0.00 195.26 * 0.00 -9.73* 0.00 
ΔLnSEPF - - - - 209.33* 0.00 -10.88* 0.00 
ΔLnSESF 465.53* 0.00 -13.45* 0.00 - - - - 
ΔLnSETF 439.39* 0.00 -11.70* 0.00 448.84* 0.00 -1245* 0.00 
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As seen in Table 2, there is a cointegration relationship between series in models. The 
series move in the long term. There will not be any spurious regression problems in the 
long term analyses to be performed on the level values of the series. Existence of a 
cointegration relationship between series show that women's education rates move 
together and affect each other with women's work force participation rate and per 
capita national income series in the long term. 
 
3.3. Long Term Analysis 
When the series are cointegrated, it will be more accurate to perform the long term 
analysis with one of the Panel DOLS (Dynamic Ordinary Least Squares) or Panel 
FMOLS (Fully Modified Least Squares) methods, which consider the cointegration 
vector between series, instead of the Panel OLS (Ordinary Least Squares) method 
(Baltagi, 2001). Panel FMOLS is preferred to make effective estimations in cases where 
the number of observations is low (Rao and Kumar, 2008). Whereas Panel DOLS is an 
effective predictor because it uses the delayed and antecedent values of the 
independent variables as an explanatory variable in the model. Since there is enough 
observation in this research, long-term analyses were carried out with Panel DOLS 
method. Models used in long term analyses: 
 
Model 1: 
𝐿𝑛𝐿𝐵𝑃𝑅𝐹𝑖𝑡 = 𝛽0𝑖 + 𝛽1𝑖𝐿𝑛𝑆𝐸𝑃𝐹𝑖𝑡 + 𝛽2𝑖𝐿𝑛𝑆𝐸𝑆𝐹𝑖𝑡 + 𝛽3𝑖𝐿𝑛𝑆𝐸𝑇𝐹𝑖𝑡 + 𝛽4𝑖𝐷2008 + 𝑒𝑖𝑡 (3) 
 
Model 2: 
𝐿𝑛𝐺𝐷𝑃𝑃𝐶𝑖𝑡 = 𝛼0𝑖 + 𝛼1𝑖𝐿𝑛𝑆𝐸𝑃𝐹𝑖𝑡 + 𝛼2𝑖𝐿𝑛𝑆𝐸𝑆𝐹𝑖𝑡 + 𝛼3𝑖𝐿𝑛𝑆𝐸𝑇𝐹𝑖𝑡 + 𝛼4𝑖𝐿𝑛𝐿𝐹𝑃𝑅𝐹𝑖𝑡 +
𝛼5𝑖𝐷2008 + 𝜀𝑖𝑡 (4) 
 
These models are estimated by Panel DOLS method. The obtained findings are given in 
Table 3. 
 
Table 3: Long Term Analysis Results 
Model 1 (Dependent Variable:  
Women's Work Force Participation Rates) 
Model 2 (Dependent Variable:  
Real Per Capita National Income) 
Variable Coefficient Probability Variable Coefficient Probability 
LnSEPF 0.50* 0.00 LnLBPRF 0.52*** 0.08 
LnSESF 0.25* 0.00 LnSEPF -1.05** 0.01 
LnSETF 0.10* 0.00 LnSESF 2.00* 0.00 
D2008 0.01 0.47 LnSETF 0.85* 0.00 
   D2008 0.40 0.10 
Model Verification Tests Model Verification Tests 
R2 0.73 R2 0.97 
R̅2 0.35 R̅2 0.89 
Standard Error of 
Regression 
0.25 
Standard Error 
of Regression 
0.40 
Long Term 
Variance 
0.04 
Long Term 
Variance 
0.02 
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The Sum of 
Squares of Error 
Terms 
9.53 
The Sum of 
Squares of Error 
Terms 
11.37 
Note: *, ** and *** show that the relevant coefficient is statistically significant at 1%, 5% and 10% levels 
respectively.  
 
Looking at the results obtained for Model 1 in Table 3; it is observed that the growth in 
rate of women's schooling at all levels increase in rate of women's work force 
participation and schooling at primary education level has the biggest effect. It is seen 
that the 2008 global economic crisis tends to increase women's work force participation 
rate, but this effect is not statistically significant. It is known that more people tend to 
participate the work force due to decline in their income during economic crises (Can et 
al. 2017). Looking at the results obtained for Model 2; the increase in women's work 
force participation rates, and women's schooling rates in secondary education and 
higher education increase the per capita national income in G20 countries, while 
schooling in the primary education level decrease the real per capita national income. 
The reason why schooling at the primary educational level reduces the real per capita 
national income is considered to be low level of human capital and the inability to 
produce effectively of individuals on this educational level. It can be seen that the 
variable increasing the real per capita national income the most is women's schooling 
rate at the secondary educational level. It is thought that the graduates of this level of 
education are generally involved in production as intermediate staff and contribute 
significantly to the economy. Model validation tests show that the estimates are reliable.  
 
3.4. Short Term Analysis 
Short term analysis of the research was done with Panel DOLS method. Models used in 
short term analyses: 
 
Model 1: 
∆𝐿𝑛𝐿𝐵𝑃𝑅𝐹𝑖𝑡 = 𝛽0𝑖 + 𝛽1𝑖∆𝐿𝑛𝑆𝐸𝑃𝐹𝑖𝑡 + 𝛽2𝑖∆𝐿𝑛𝑆𝐸𝑆𝐹𝑖𝑡 + 𝛽3𝑖∆𝐿𝑛𝑆𝐸𝑇𝐹𝑖𝑡 + 𝛽4𝑖∆𝐷2008
+ 𝛽5𝑖𝐸𝐶𝑇1,𝑡−1 + 𝑒𝑖𝑡 (5) 
 
Model 2: 
∆𝐿𝑛𝐺𝐷𝑃𝑃𝐶𝑖𝑡 = 𝛼0𝑖 + 𝛼1𝑖∆𝐿𝑛𝑆𝐸𝑃𝐹𝑖𝑡 + 𝛼2𝑖∆𝐿𝑛𝑆𝐸𝑆𝐹𝑖𝑡 + 𝛼3𝑖∆𝐿𝑛𝑆𝐸𝑇𝐹𝑖𝑡 + 𝛼4𝑖∆𝐿𝑛𝐿𝐹𝑃𝑅𝐹𝑖𝑡
+ 𝛼5𝑖∆𝐷2008 + 𝛼6𝑖𝐸𝐶𝑇2,𝑡−1 + 𝜀𝑖𝑡 (6) 
 
∆; in these models shows that the first difference of the series is taken. 𝐸𝐶𝑇1and 𝐸𝐶𝑇2are 
the error correction terms of the first and second models respectively. When the 
coefficients of these terms are found to be statistically significant as a result of the 
analyses to be made; it is decided that the error correction mechanisms of the models 
are working (Hylleberg and Mizon, 1989: 114-116). These models are estimated with the 
Panel DOLS method and the results are given in Table 4. 
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Table 4: Results related to short term analysis 
Model 1 (Dependent Variable:  
Women's Work Force Participation Rates) 
Model 2 (Dependent Variable:  
Real Per Capita National Income) 
Variable Coefficient Probability Variable Coefficient Probability 
ΔLnSEPF 0.10* 0.00 LnLBPRF 1.14* 0.00 
ΔLnSESF 0.09* 0.00 LnSEPF 1.41* 0.00 
ΔLnSETF 0.02* 0.00 LnSESF 1.72* 0.00 
ECT1,t-1 -0.03* 0.00 LnSETF -0.06 0.22 
   ECT2,t-1 0.01* 0.00 
Model Verification Tests Model Verification Tests 
𝐑𝟐 0.77 𝐑𝟐 0.70 
?̅?𝟐 0.25 ?̅?𝟐 0.33 
Standard Error of 
Regression 
0.02 
Standard Error of 
Regression 
0.15 
Long Term 
Variance 
0.0001 
Long Term 
Variance 
0.0008 
The Sum of 
Squares of Error 
Terms 
0.024 
The Sum of 
Squares of Error 
Terms 
1.67 
Note: *, ** and *** show that the relevant coefficient is statistically significant at 1%, 5% and 10% levels 
respectively.  
 
According to the panel DOLS test results of Model 1 in Table 4, the schooling rates of 
women are all positively and statistically significant at 1%. This means that the increase 
in the level of women's participation in educational activities has positively affected 
women's work force participation rate in the short term. The model's error correction 
mechanism works. When the results of the short term analysis for Model 2 are 
examined, the schooling rates of women (except for the higher education level), their 
work force participation and per capita national income are all positively and 
statistically significant at 1%. According to these results; the increase in women's work 
force participation rates and schooling rates positively affected the per capita national 
income in the short term. Only university-level schooling rate of women was found to 
be statistically insignificant in the short term. Model 2's error correction mechanism 
works. So the analyses are reliable. Model verification tests also show that the findings 
are reliable.  
 
3.5. Panel Causality Test  
To determine the existence of an interaction between variables used in the analyses and 
the direction of such interaction, panel causality tests are used. The existence of 
causality relations between series were analyzed with the help of panel causality tests 
(Dumitrescu and Hurlin, 2012). This method is stronger than the Granger (1969) test, 
and it can determine the causality relationships that apply not only to the whole panel 
but also to some of the countries that make up the panel. The causality relations 
between the two variables in the form of X and Y, can be examined in the panel 
causality test by using the following equations (Anoruo and Elike, 2015):  
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𝑌𝑖,𝑡 = 𝛽𝑖 + ∑ 𝜁𝑗𝑌𝑖𝑡−𝑗
𝑝
𝑗=1
+ ∑ 𝜑𝑗𝑋𝑖𝑡−𝑗
𝑝
𝑗=1
+ 𝑢𝑖𝑡  (7) 
𝑋𝑖,𝑡 = 𝛼𝑖 + ∑ 𝜓𝑗𝑋𝑖𝑡−𝑗
𝑝
𝑗=1
+ ∑ 𝜙𝑗𝑌𝑖𝑡−𝑗
𝑝
𝑗=1
+ 𝑣𝑖𝑡 (8) 
 
Here, 𝑝; signifies optimal lag length. 7th equation tests the existence of a causal 
relationship from X to Y; while 8th equation tests the existence of a causal relationship 
from Y to X. The hypotheses of this test; 
 
 𝐻0: 𝛽𝑗 = 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠. 
 
 𝐻1: {
𝛽𝑖
(𝑘) = 0, 𝑖 = 1, 2, … , 𝑁1
𝛽𝑖
(𝑘) ≠ 0, 𝑖 = 𝑁1 + 1, 𝑁1 + 2, … , 𝑁
 
 
 
In the study, Dumitrescu and Hurlin (2012) determined the optimal lag length required 
for panel causality testing as 3, with the help of a standard VAR estimation. The results 
of this procedure are given in Appendix 3, while the inverse characteristic roots graph 
showing that the 3 delays VAR model and therefore the causality test is stable is in 
Appendix 4. The findings obtained from panel causality test (Dumitrescu and Hurlin, 
2012) are given in Table 5.  
 
Table 5: Panel causality test results 
The Direction of Causality 𝐖 Statistics ?̅? Statistics Probability Value 
LnLBPRF → LnGDPPC 4.91 1.53 0.12 
LnGDPPC → LnLBPRF 10.68* 8.24* 0.00 
LnSEPF → LnGDPPC 4.23 0.73 0.46 
LnGDPPC → LnSEPF 5.04*** 1.67 0.09 
LnSESF → LnGDPPC 4.20 0.70 0.48 
LnGDPPC → LnSESF 5.34** 2.02** 0.04 
LnSETF → LnGDPPC 5.70** 2.44** 0.01 
LnGDPPC → LnSETF 9.05* 6.34* 0.00 
LnSEPF → LnLBPRF 7.51* 4.55* 0.00 
LnLBPRF → LnSEPF 6.12* 2.93* 0.00 
LnSESF → LnLBPRF 7.64* 4.70* 0.00 
LnLBPRF → LnSESF 5.86* 2.63* 0.00 
LnSETF → LnLBPRF 6.43* 3.29* 0.00 
LnLBPRF → LnSETF 7.81* 4.90* 0.00 
Note: *, ** and *** show that there is a causality relationship directed from the first variable to the second 
variable at 1%, 5% and 10% significance levels respectively.  
 
There is a causality relation from X to Y 
in some cross sections. 
There is no causality relation 
from X to Y in all cross sections. 
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As it is seen in Table 5, there is a causality relationship directed from per capita national 
income to the schooling rate of women. The causality relationships obtained for the 
easier monitoring of the results were visualized with the help of Figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Causality Relationships 
 
Looking at the causality relationships in Figure 1; while there is no causality relation 
directed from the level of women's schooling rate on primary and secondary education 
levels to per capita national income, it is seen that there is a causality relationship 
directed from national income per capita to women's schooling rate. In this case, the per 
capita national income is considered to increase women's schooling rate. There is a two-
way causality relationship between women's schooling rate and per capita national 
income. In this case, it is thought that the increasing per capita national income 
increases the possibility of women going to university and the increase in the amount of 
women going to university increases per capita national income. When considered in 
terms of work force participation and labor produced, it can be said that the post higher 
education benefits contribute more to the per capita national income of that country. 
The most striking finding in Figure 1 is the two-way causality relationships between 
women's schooling rates at all levels and women's work force participation rate. In this 
case, it is considered that increasing schooling rate of women also increases women's 
entry into the labor market, and increasing employment of women creates more 
opportunities for girls to get educated.  
  
4. Discussion, Conclusion and Recommendations 
 
Using relationships between women's education, women's work force participation and 
national income, along with real national income, women's schooling rate and women's 
work force participation rates of G20 countries for the period of 1997-2018, 7 different 
Women's Schooling 
Rate on Secondary 
Education Level 
Real Per Capita 
National Income 
Women's Schooling 
Rate on Primary 
Education Level 
Women's Schooling 
Rate on Higher 
Education Level 
Women's Rate of 
Participation to 
Work Force 
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variables along with 2 different econometric models were utilized with panel data 
analysis methods. Within scope of analysis, stationarity of the series were examined 
with Maddala & Wu's (1999) Fisher ADF and Choi's (2001) Fisher PP panel unit root 
tests. It was defined that all series were I(1). The existence of cointegration relationships 
between series in the models was tested with Pedroni (2004) methodi and it was found 
that the series are cointegrated; meaning women's schooling rates move together with 
women's work force participations rates and per capita national income series in the 
long term, and they are affected from each other. 
 Long-term relationships of the series were analyzed by Panel DOLS method and 
it was found that the increase in women's schooling level increases women's work force 
participation rate and that increases the real per capita national income. In addition, it 
was determined that women's work force participation rate positively affects the real 
per capita national income. Panel DOLS method was used for short-term analyses, and 
it was found that increase in women's schooling rates increase women's work force 
participation rates; and increases in women's schooling rates and women's work force 
participation rates increase the real per capita national income in the short term too. In 
the short term analyses, error correction mechanisms of the models were found to be 
working. This finding provides additional evidence that the analyses are reliable. 
 The causality relationships between the variables used in the analyses were 
examined with panel causality tests. While there was no causality relationship directed 
from women's schooling rate on primary and secondary levels to per capita national 
income, it was observed that there were causality relationships directed from per capita 
national income to women's schooling rate. A two-way causality relationship was 
found between women's schooling rate and per capita national income. In addition, 
two-way causality relationships were found between women's schooling rates on all 
levels and women's work force participation. 
 According to the findings of this study; it can be stated that, as women's 
schooling rate increases in G20 countries, the courage of women to participate in the 
labor market also increases; and increases in women's schooling rate and women's 
employment increase per capita national income. Results of Tansel's (2001) research 
within the scope of Turkey seem to support this research. Accordingly, in the research 
conducted on women's work force participation in Turkey, it was determined that 
women's education has a powerful and positive effect on women's work force 
participation. 
 It was determined that gender inequality indirectly affects growth due to its 
effect on investments and population growth. In Seguino's (2000) research, it was 
determined that income inequality slows growth down. Er (2012), in his research, while 
evaluating the real per capita national income growth rate of 187 countries in 1998-2008 
with relation to women's education, work force participation and the work sectors they 
are employed in; it was concluded that decreases in women's fertility increase the 
resources related to product production; in addition, women's participation to work 
force and education instead of raising children, women's further employment, further 
education and further participation into politics also increase economic growth.  
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 When the results are evaluated, countries need to reduce inequality in women's 
education rates or employment and improve their indicators related to women in order 
to maintain or improve economic growth. It can be stated that state authorities, who 
want to increase economic growth and per capita national income in their countries, 
should pay special care to the schooling of women and their participation in the labor 
market. It may be advisable for policymakers to implement practices aimed at 
increasing women's education and employment, and to include the element of women 
in the country's economic plans.  
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Appendices 
 
Appendix 1: Descriptive Statistics for the Data Set 
  LnGDPPC LnLBPRF LnSEPF LnSESF LnSETF 
Mean 9.394 3.827 4.647 4.528 3.842 
Median 9.542 3.916 4.628 4.590 4.074 
Maximum 11.127 4.277 5.094 5.078 4.992 
Minimum 6.014 2.736 4.426 3.566 1.601 
Standard Deviation 1.232 0.309 0.078 0.238 0.680 
Skewness -0.780 -1.685 2.011 -1.173 -0.757 
Kurtosis 2.792 5.542 10.531 6.007 2.753 
Jarque-Bera 43.151 310.473 1269.473 253.398 41.021 
Probability 0.000 0.000 0.000 0.000 0.000 
Total 3926.660 1599.888 1942.598 1892.891 1605.996 
Sum of Squares of Standard Deviations 633.251 39.934 2.555 23.532 192.969 
Number Of Observations 418 418 418 418 418 
 
According to the data in the table; the standard deviation of the series is low, which 
reduces the likelihood of encountering a spurious regression problem. The number of 
data used in the analysis is 418; which is sufficient.  
 
Appendix 2: Correlation Matrix 
  LnGDPPC LnLBPRF LnSEPF LnSESF LnSETF 
LnGDPPC 1 0.190 -0.226 0.751 0.796 
LnLBPRF 0.190 1 0.076 0.377 0.315 
LnSEPF -0.226 0.076 1 0.118 -0.088 
LnSESF 0.751 0.377 0.118 1 0.772 
LnSETF 0.796 0.315 -0.088 0.772 1 
 
According to the correlation matrix; there is a negative and low relationship (-0.226) 
between women's schooling rates on primary school level and per capita national 
income, and there is a positive and high relationship between women's education on 
secondary school (0.751) and university (0.796) levels and per capita national income. 
There is a positive and low (0.19) relationship between women's work force 
participation rate and per capita national income.  
On the other hand, there are positive and low (0.076) interactions between schooling 
rates on primary school level and women's work force participation, while there are 
positive and high interactions between schooling on secondary education (0.377) and 
university (0.315) levels and women's work force participation rates. 
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Appendix 3: Result of the Optimal Lag Length Determination Process 
VAR Lag Order Selection Criteria    
Endogenous variables: LNGDPPC LNLBPRF LNSEPF LNSESF LNSETF   
Exogenous variables: C      
Date: 02/24/19 Time: 23:06     
Sample: 1997 2018     
Included observations: 266     
       
       
Lag LogL LR FPE AIC SC HQ 
       
       
0 45.00861 NA 5.09e-07 -0.300817 -0.233458 -0.273756 
1 2555.151 4907.046 3.91e-15 -18.98610 -18.58195* -18.82373 
2 2600.976 87.85945 3.34e-15 -19.14268 -18.40173 -18.84501* 
3 2630.819 56.09634 3.23e-15* -19.17909* -18.10135 -18.74612 
4 2650.043 35.41168 3.37e-15 -19.13566 -17.72112 -18.56738 
5 2667.162 30.89188 3.58e-15 -19.07641 -17.32507 -18.37283 
6 2690.320 40.91891 3.64e-15 -19.06256 -16.97443 -18.22368 
7 2714.172 41.24781* 3.68e-15 -19.05393 -16.62900 -18.07974 
8 2731.792 29.80756 3.91e-15 -18.99843 -16.23672 -17.88895 
       
       
 * indicates lag order selected by the criterion 
 LR: sequential modified LR test statistic (each test at 5% level)   
 FPE: Final prediction error   
 AIC: Akaike information criterion     
 SC: Schwarz information criterion    
 HQ: Hannan-Quinn information criterion    
    
The optimal lag length was determined as 3 according to the FPE and AIC criteria.  
 
Appendix 4: Reverse Characteristic Roots Chart 
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In this graph, the causality tests performed are stable, because the inverse characteristic 
roots remain within the unit circle.  
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